Abstract. Disposals of agricultural waste in a large volume have an extremely harmful effect on the environment if they are ineffectively treated. To solve this, several appropriate methods has been identified to produce new recycling technique of utilizing the agricultural waste. In this study, the feasibility of using sugarcane bagasse (SCB) as partial replacement binder with cement to stabilized and solidified (S/S) the contaminated soil are investigated. This paper focused on the strength and the leaching characteristic of lead (Pb) contaminated soil treated with SCB and cement. Two tests, namely the Unconfined Compressive Strength (UCS) test and Toxicity Characteristic Leaching Procedure (TCLP) were employed to measure the strength and leaching performance of S/S samples. The experimental results demonstrated that the UCS at 28 days was in a range of 0.82 to 5.66 MPa for sample containing cement and SCB compare to 0.29 MPa of control mix at the same age. The concentration of Pb in the leachates was within the limits specified by US EPA as low as 2.11 mg/L in 28 days. This shows that, the quality of S/S sample containing cement and SCB significantly improve the strength development as well as effectively in reducing the Pb leachability. Based on the finding, SCB could be useful as cheaper, easy available alternatives binder for the treatment of contaminated soil.
Introduction
Soil that is contaminated by heavy metals is a worldwide problem that requires urgent attention. Heavy metals in soil may cause threat to human health either through accidental soil ingestion, breathing in contaminated soil dust particles or by ingesting polluted drinking water or farm products tainted by contaminated soil [1] . On the other hand, heavy metal contaminated soil is mainly due to the subsequent migration of leachate form and within the landfill waste cell. According to fauziah et al. [2] , the natural process taking place within the boundaries of the waste cells accelerate the process of heavy metal leaching from the waste components sources of heavy metal within a landfill system. The released of heavy metal into the adjacent environment is a serious environmental concern and a threat to public health and safety [3] .
Kamari et al., [4] claimed that heavy metal behavior in soil and biological effects are caused by their presence in increased concentrations. Heavy metal behavior is in fact largely determined by the processes of metal released from the solid phase into the soil solution and factors influencing the chemical forms of metal in soil. The contamination of soil by heavy metal, particularly lead (Pb), is a common problem throughout the world [5] . Lead has been reported as a metal that affect the human nervous system, blood vessels and kidneys. Currently, the governments are trying to minimize the lead impact that produce adverse effects on the mental and physical development of humans, even at the lower exposure level [6] . Therefore, remediation of contaminated soil is of great importance for both engineers and researchers. The stabilization/Solidification (S/S) remediation method has been employed as a potential technology with the addition of a binding agent to reduce the movement of hazardous waste elements due to its low cost, availability and versatility [7] .
Materials and methods

Binder system and soil contaminated process
Clay used for this study was collected at a location near the Research Center for Soft Clay (RECESS), University Tun Hussein Onn Malaysia (UTHM). The soil sample was dried in an oven at 105 o C for 24 hours at the laboratory. After undergoing a drying process for 24 hours, the soil was crushed using a rubber hammer before it was reduced to 2 mm in size by a grinder machine. The soil particles which pass the 2 mm sieve were stored in polyethylene plastic. The initial concentration of Pb would be 500 ppm. The selection of this percentage would be to test the worst case of the contaminated soil. Type II ordinary Portland cement (OPC) was used as the main binder together with treated sugarcane bagasse (SCB) in order to treat the lead contaminated soil. The SCB was collected from sugarcane juice hawker located around Parit Raja, Johor with the SCB underwent a treatment process under acidic conditions to remove cellulose fibers and to liberate the lignin. The SCB was boiled with 0.1 M HCl for 45 minutes and the residue was washed to rid it of sugars and hydrolysis products. This procedure was repeated 3 to 4 times until the filtrate became colorless. Finally, the SCB was dried in the oven at a temperature of 105 °C for 24 hours to remove all moisture content before being grinded into particles measuring 90μm in size.
The raw materials were mixed by using a small mixer to ensure the homogenous of the S/S sample. Then, S/S sample then compacted in a split mould to form a sample of 38 mm in diameter and 76 mm in height. A specially designed miniature hand compacting tool was used to compact the mixture in 4 layers, 50 blows each. The extruded specimens were then wrapped and stored for 7, 14 and 28 days. Table 1 shows the mix design of S/S sample used in this study. 
Unconfined compressive strength (UCS)
The UCS test has been carried out by using the Geocomp LoadTrac II system available in RECESS UTHM. Testing was conducted according to BS1377-7:1990. The samples were extruded from the moulds, leveled, measured for length and diameter, weighed and subjected to uniaxial compression test (UCT) at a constant rate of strain of 1% per minute. Before testing, the loading device was adjusted carefully to ensure the upper platen just makes contact with the sample. Care was taken to ensure that both ends of the sample were as flat as possible to minimize bedding error during the test, especially the stiffer samples. The tested samples than collected and dried in the oven at 105oC for 24 hours before being crushed to pass through a 1 mm sieve prior to TCLP testing.
Toxicity characteristic leaching procedure (TCLP)
A TCLP test was conducted by adding a fixed volume of TCLP leachant No. 2 (5.7 ml/l glacial acetic acid aqueous solution at pH 2.88) to 20 times the weight of the sample (20:1). The extraction period for the sample lasted 18 hours under rotary agitation at 30 rpm. The sample was then filtered using Grade GF/F 0.7-μm glass fiber filter paper and the pH was measured at the end of the process. The sample was filtered within 2 h of the 18-h extraction period to ensure method reproducibility [8] . This procedure differs from the EPA TCLP [9] method in that one-tenth (1:10) of the amount of the sample was used. Apart from the modified step, all another aspect of the method remained the after filtration, metal concentrations in the leachate was determined via Perkin-Elmer AA800 Atomic Absorption Spectrometer (AAS).
Result and discussion
Strength development of cement-SCB
Compressive strength is an important factor as it determines the load that can be carried by a material. The strength of the mixture depends on the additive added. The results of the strength of S/S are presented in Fig. 1 as a partial replacement in OPC, the strength becomes weaker compared to the sample without SCB. This is contributed by cement percentage ranging 5% to 20% are routinely used to stabilized and solidified contaminated soil. Low cement content causes the individual soil particles to be inadequately coated. However, it has a tendency to form a rigid form of waste [10] .
Additionally, the figure also presents the UCS of S/S lead spike soil sample at 7, 14 and 28 days. It is obviously shown that a sample containing 100% OPC has the highest strength than another sample. This evidently shows the effect of using OPC as additive in the contaminated sample. It can be concluded that hydration time also effect the strength development. All samples become more harden for 28 days [11] [12] [13] [14] . This is caused by the slow formation of calcium hydrated silicates (C-S-H) which resulted from the reaction of anhydrous-silicate constituents of cement with water [15] [16] . However, even the UCS of sample with SCB are not high compared to sample without SCB, the result is still exceeded the minimum landfill disposal limit stated by US EPA of 0.35 Mpa (350kPa) at 28 curing days. 
Leachability of the Pb
In this study, Toxicity Characteristic Leaching Procedure TCLP test has been conducted to investigate the leaching characteristic that is suitable for organic waste or waste containing high sulfate compounds. This testing produced leachate that is similar to the leachate obtained from a sanitary landfill site and found to deplete various types of metal [17] . The Fig. 2 shows the Pb leachability at 7, 14 and 28 days. The figures demonstrate that the concentration of Pb in S/S sample depends on two main factors which are mix ratio and curing days. The higher reduction is showed by sample C85O7.7S7.5 with Pb concentration 6.23 mg/L, 4.26 mg/L and 2.11 mg/L at 7, 14 and 28 days respectively. The small reduction are showed by control sample with 236.11 mg/L, 183.19 mg/L and 93 mg/L at 7, 14 and 28 days respectively. This scenario is expected because the leachability of heavy metals in S/S method depends on the hydration days. It is proved by Antemir et al. [18] which stated that the long-time hydration of S/S sample has been decreased the leachability in groundwater. This is also supported by Wang et al. [19] which study the leachability of heavy metals at 17 years old S/S site and found that, the slow bonding reaction happen between metals and binder. Apart from that, the figure also indicates that sample containing SCB has leached out least amount of Pb in final leachate. In a nutshell, the research has found that SCB as a fibre material, when incorporated with OPC has been successful adsorbed the Pb in S/S method.
Fig 2. Leachability of S/S sample
Conclusion
From the study, it was found that the use of SCB is not substantial enough for obtaining the highest strength compared to a sample containing only OPC. However, all samples exceeded the landfill disposal limit of 0.34 Nmm 2 or 340 kPa. The UCS at 28 days was in a range of 0.82 to 5.66 MPa for sample containing cement and SCB compare to 0.29 MPa of control mix at the same age. Despite that, the TCLP extraction has been successful in reducing the concentrate of Pb below the standard limit set by US EPA. The concentration of Pb in soil samples containing OPC and SCB remain low. For example, a sample containing 15% OPC leached out the Pb at 11 mg/L at 28 days of curing. The better result showed by a sample containing 7.5% OPC+ 7.5% SCB that is 2.11 mg/L. This significant reduction indicates that the use of SCB as a partial replacement is possible to reduce the concentration of Pb in the final leachate. In the same way, all sample containing SCB as additive materials to OPC obtained the US EPA limit (< 5mg/L).
